AD 


Award Number: 
W81XWH-08-1-0385 


pel evs 


Metabolic stress induced by arginine deprivation induces autophagy cell 
death in prostate cancer 


PRINCIPAL. INVES EGATOR: 
Rive Maid. Bode, Miss 


CONTRACTING ORGANIZATION: 


UOIVeTrSiLty Of Cali tOornia, Davis 
Daves. “Ch. 9613 


REPORT DATE: 
August 2009 


TYPE OF REPORT: 
Annual 


PREPARED FOR: U.S. Army Medical Research and Materiel Command 
FOR Detrick; “Marvland. wirPOoZ= 50) 


DiS TRIBUTION -STATEMEN Ts 


X Approved for public release; distribution unlimited 


The views, Opinions and/or findings contained: in Chas report: are Lhose of “tne 
author (s:): -and should nort.be. COnStrued as an OfE1cCial. Department “or the: Army 
position, policy or decision unless so designated by other documentation. 


REPORT DOCUMENTATION PAGE 


Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 


this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202- 
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 


1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 
31/08/2009 Annual 1 Aug 2008 - 31 Jul 2009 


4. TITLE AND SUBTITLE Sa. CONTRACT NUMBER 


Metabolic stress induced by arginine deprivation induces autophagy cell 


Sb. GRANT NUMBER 
WelXwh=O0c=L=0365 


Sc. PROGRAM ELEMENT NUMBER 


death in prostate cancer 


6. AUTHOR(S) od. PROJECT NUMBER 


Richard Bold 
5e. TASK NUMBER 


Email: richard.bold@ucdmc.ucdavis.edu 
Sf. WORK UNIT NUMBER 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT 


University of California Davis NUMBER 
Office of Research 


1850 Research Park Drive, Suite 300 
Davis, CA 95618 


9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Material Command 


Forte. Derrick, Maryland 21702=5012 
11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 


12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 


13. SUPPLEMENTARY NOTES 


14. ABSTRACT 

The primary purpose of this research grant is to provide the necessary preclinical data 
demonstrating that prostate cancer cells are auxotrophic for arginine and therefore targeting 
arginine metabolism is a novel therapeutic approach. The primary methodology involves cell 
culture with the characterization of the arginine requirements for prostate cancer cell 
growth and then determination of the effect of arginine depletion on cell growth and cell 
death. Furthermore, we have investigated the mechanism of cell death and observed that 
arginine deprivation in those cells auxotrophic for this semi-essential amino acid induces 
autophagy as a precursor to programmed cell death. Major findings to date include the 
observation that the majority of prostate cancer cell lines lack arginine-succinate 
synthetase (ASS), the critical enzyme in arginine biosynthesis. Furthermore, arginine 
deprivation in those cell lines lacking ASS induces autophagy as a precursor to non-apoptotic 
cell death. Inhibition of autophagy appears to stimulate the induction of cell death. 


15. SUBJECT TERMS 
Prostate cancer, autophagy, arginine deiminase 


16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON 
OF ABSTRACT OF PAGES USAMRMC 

a. REPORT b. ABSTRACT c. THIS PAGE UU 19b. TELEPHONE NUMBER (include area 

U U U 16 code) 


Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. 239.18 


Table of Contents 


Page 
INEFOCUGHIOMN a 26a stuiecccatig tactic nds athomene tba mesneGussintnoveneewietudtius uathouea nets 4 
OGY chest ees ate ea Sacra oe tac emt se cones ee eee eee eee 4-6 
Key Research Accomplishments.............cccccceesceeeeenneeeeeeeeneeeeeeennennnnaaes 6 
REDOlADIC OULCOMES iassiecericanececacaanncniateanassernhicetehesauarentaaneaaneeteainees 6-7 
CONG NUS IO ict esteircert sree cacao ticemniosmcemiestcensictess Sea cteeynsc ace dmaennedeas can eed eeeeneee cnet 7 
REICRCINGOS .biiincietace da sosdcvecwrs tease seadaenesaansamenmas ne gaaeesbanunannamhmanndeausmaiasind es 7 


Introduction 


This is the first of a three year grant entitled “Metabolic stress induced by arginine deprivation induces 
autophagy cell death in prostate cancer’. The primary hypothesis of the research investigation is 
PEG-ADI represents a potential therapy of prostate cancer to induce metabolic stress by arginine 
deprivation and subsequent induction of autophagic cell death as a precursor to apoptosis in those 
prostate cancers lacking biosynthetic enzymes to make arginine. The specific aims to investigate this 
hypothesis are: 

1) We will demonstrate that in those prostate cancer cells lacking ASS for which arginine is an 
essential amino acid, metabolic stress induced by arginine deprivation achieved by ADI- 
PEG treatment induces autophagic cell death as a precursor to apoptosis via a DRAM- 
dependent pathway. From these studies, we will show: 1) ASS expression predicts cellular 
response to PEG-ADI, 2) PEG-ADI therapy induces arginine deprivation, 3) the 
consequence of the metabolic stress is the initiation of autophagosome assembly and 
progression to autophagic cell death, and 4) DRAM induction is required for PEG-ADI 
induced autophagy. 

2) We will demonstrate that the induction of PEG-ADI induced autophagy in prostate cancer 
cells is a precursor to apoptosis; furthermore, these events sensitize cells to traditional 
chemotherapy-induced apoptosis. Autophagy mediators will be altered to determine effect 
on sensitivity to PEG-ADI induced cellular events. In addition, PEG-ADI will be combined 
with traditional chemotherapy to determine effect on apoptosis and in vivo tumor response. 


Body 


Significant progress has been accomplished during the first year of this 3-year award leading to 
two publications (1, 2). The initial focus of the investigation was the characterization of the auxotrophic 
requirements for prostate cancer cell lines for the semi-essential amino acid arginine. We have used two 
methods of arginine deprivation, arginase and arginine deiminase (ADI). Both of these enzymes shuttle 
arginine away from the urea cycle and have been demonstrated to reduce intracellular arginine. 
Arginase has limited clinical applications due to rapid plasma degradation; we have been fortunate to 
develop a collaborative research agreement with Polaris Pharmaceuticals, who have developed a 
pegylated form of ADI (PEG-ADI) that . 
has reduced serum degradation. A 
necessary requirement for the vehallan: ' 
proposed studies was to demonstrate | "i Arginine» 
that intracellular arginine was in fact eg ) 
depleted following PEG-ADI treatment. __ iF : 
We used HPLC to characterize amino — = : i : : 
acid levels in CWR22rV1 cells, which a ; 44 
we had demonstrated lacks the ¥ a 3 
enzyme argininosuccinate synthetase | ae 
(ASS), the rate-limiting step in arginine 
metabolism. We noted that withing 24 | 
hours of PEG-ADI treatment, arginine ee 
levels had decreased to undetectable 
levels (Figure 1). 


BES 


Figure 1. Levels of amino acids in exponentially growing 
CWR22 cells (left) and 24 hrs after treatment with PEG-ADI 


(1 ug/ml) (right) 


We have since characterized the expression of ASS in a panel of human prostate cancer cell 
lines as well as a tissue microarray of human prostate tumor specimens (1). We noted that there was a 
frequent lack of expression of ASS. The cellular effect of arginine deprivation achieved by PEG-ADI 
treatment was then determined both in vitro and in vivo. We observed that cell lines deficient in ASS 
expression underwent autophagy and programmed cell death, though not the traditional caspase- 


dependent apoptosis (1). Our data suggests that expression of ASS is a predictive marker of response 
to PEG-ADI, and only those prostate cancer cell lines auxotrophic for arginine will undergo programmed 
cell death following arginine deprivation (2). We have further investigated the role of autophagy in the 
cellular response of these prostate cancer cell lines. Our studies have primarily utilized CWR22rV 1, 
which lacks ASS expression. Using both pharmacologic inhibitors of autophagy (chloroquine) as well as 
molecular inhibitors (SiIRNA-mediated knockdown of Beclin-1, a protein necessary for the initial 
assembly of the autophagosome), we noted that when autophagy is inhibited, the cell death is 
accelerated following PEG-ADI treatment (reference 1 manuscript, figure 5, attached in appendix). 
These data suggest that autophagy following PEG-ADI participates in the induction of cell death by 
providing a survival mechanism (2). 


In order to demonstrate that lack of ASS expression is both required for the cell death following PEG- 
ADI treatment as well as useful as a 
predictive marker, we have cloned the 
ASS cDNA. In brief, we used the NIH- ASS Level in CWR22RV1 Atter ASS 
MGC-75 library to perform PCR for the CDNA Transfection 
ASS cDNA from the Image Clone ID 
No. 4042389 in the pDNR-LIB vector 
from the IRAU library. It has 
subsequently been subcloned into the 
eukaryotic expression vector, 
pCDNA3.1. We have initially performed 
transfection into the CWR22rV 1 cell 
line, which lacks endogenous ASS 
expresson (Figure 2). This cell line will 
now allow us to directly test our Figure 2. Evaluation of ASS expression in CWR22rV1 cells 
hypothesis that ASS expression before and after transfection of a eukaryotic expression vector 
correlates with cellular response to encoding the ASS cDNA. The CWR22rV1 cell line lacks 
arginine deprivation achieved by PEG- _ expression of ASS, and we have shown is auxotrophic for 
ADI treatment arginine. 

Given our investigation of the role of autophagy in the cellular response of prostate cancer to 
PEG -ADI|, we wished to develop a CWR-22Rv1 xenografts - ATG9A immunostaining 
method to evaluate autophagy in NE’ SEP AR Sea Ars 
xenografts for further in vivo ath a Cok” yditire antics 
characterization. Using the ea We, ote tad 
CWR22rV1 tumors from our initial in Orr A. Sa he aOR EES 
vivo experiment, we screened the PS tite Pe en Ph : 
tumors from the PEG-ADI treatment 
group for expression of a variety of 
autophagy-related proteins. Pen a Spat te. ees hl 
Expression was evaluated using Pe ih 8s SV Eee SN NE 6g OY 
immunohistochemical techniques; we CMS pio et ee iad 
feel that this would provide us with the 
necessary method to further 
characterize the role of autophagy in 
tumor response. After screening a Figure 3. Immunohistochemical expression of ATGQA in 
variety of antibodies, we noted that CWR22rV1 xenografts grown in athymic mice. Mice were 
ST ee On OE Oe Wao iiease® = reaied wines (Control, left) or PEG-ADI (5 IU intraperitoneal 
in those tumors undergoing treatment... . 
with PEG-ADI (Figure 3). We are now injection, twice weekly). Increased expression of ATG9A was 


observed in those tumors from mice treated with PEG-ADI. 


CWR22 Control 
CWR22 ASS cDNA 


ASS 


Control PEG-ADI 


performing in vitro studies to 
demonstrate that the ATG9A 


expression pattern is consistent with induction of autophagy and can be used as a marker in subsequent 


In vivo studies. 


The initial evaluation of biochemical signaling cascades altered following PEG-ADI treatment in 
CWR22rV1 demonstrated induction of AMP kinase and ERK1/2 (reference 1, Figure 4, attached in 
Appendix). AMP kinase is regulated by levels of AMP/ADP and Is involved in initial responses to 
alteration in cellular metabolism. Both AMP kinase and ERK1/2 have been demonstrated to be involved 
in the regulation of autophagy, but not previously described in response to amino acid starvation (3, 4). 
We therefore sought to determine whether these kinases are central regulators of autophagy by 
examining CWR22rV 1 cells following treatment with another inducer of autophagy, namely mTOR 
inhibition by rapamycin (5). We first demonstrated that rapamycin induces autophagy in these cells 
using our CWR22Rv1:GFP-LC3 cell line to evaluate for autopohagosome assembly (data not shown). 
We then examined the cells Rapamycin (2uM) Time Course in CWR22RV1 Cell Line 
following treatment with 3 : 
rapamycin (2 uM) for various time ) £ = 
points. As expected, we noted 
rapid and potent inhibition of S6 — —_ — p-AMP Kinase 
kinase, a downstream partner in ___.. p-JNK 
the mTOR signaling cascade. But 
interestingly, we observed an 
activation of AMP kinase, which 
is postulated to be upstream of 


pS6 Kinase 
S6 Kinase 
pERK1/2 


mTOR (Figure 4). Therefore, . 7 : 4 ERK1/2 


using two different methods to p-P38 


induce autophagy (amino acid : | , | P38 Protein 
deprivation with PEG-ADI and RL es ee: see ce 8 ACtiI 
mTOR inhibition with rapamycin), 

we note the induction of AMP Figure 4. Time course of rapamycin (mTOR inhibition) in 
kinase activity. Our future CWR22rV1 cells evaluated for protein expression of indicated 
investigations will determine the kinases, including phosphorylated forms to evaluate for 

role of AMP kinase in autophagy activation/inhibition. 

and cell death induced by PEG- 

ADI. 


Key Research Accomplishments 


1. Characterization of prostate cancer cell lines and tumor specimens for ASS expression 

2. Characterization of prostate cancer cell lines for cellular response to arginine deprivation 

3. Creation of stable cell lines of PC-3 and CWR22rV1 expressing eGFP-LC3 for use in evaluation 
of the autophagy response 

4. Development of a non-radioactive assay for arginine metabolism 

5. Cloning of the ASS cDNA and development of a eukaryotic expression vector 

6. Identification of ATGY9A as an appropriate immunohistochemical marker of autophagy in xenograft 
specimens 


Reportable Outcomes 


Manuscripts: 

1. Kim, R.H., J.M. Coates, T.L. Bowles, G.P. McNerney, J. Sutcliffe, J.U. Jung, R. Gandour- 
Edwards, F.Y.S. Chuang, R.J. Bold, and H-J. Kung. Arginine deiminase as a novel therapy 
for prostate cancer induces autophagy and caspase-independent apoptosis. Cancer 
Research, 69(2):700-708, 2009. 


2. Kim, R.H., R.J. Bold, and H-J. Kung. ADI, autophagy and apoptosis: Metabolic stress as a 
therapeutic option for prostate cancer. Autophagy. 5(4):567-8, 2009. 


Conclusion 


In our first of a three year grant entitled “Metabolic stress induced by arginine deprivation induces 
autophagy cell death in prostate cancer’, we have made significant progress in the investigation of our 
central hypothesis. We have completed two of the four sub-aims for Aim 1 (We will demonstrate that in 
those prostate cancer cells lacking ASS for which arginine is an essential amino acid, metabolic stress 
induced by arginine deprivation achieved by ADI-PEG treatment induces autophagic cell death as a 
precursor to apoptosis via a DRAM-dependent pathway). We proposed to investigate DRAM as a 
mediator of autophagy and plan on initiating these studies in the coming year. We have completed one 
of the two subaims of Aim 2 () We will demonstrate that the induction of PEG-ADI induced autophagy in 
prostate cancer cells is a precursor to apoptosis; furthermore, these events sensitize cells to traditional 
chemotherapy-induced apoptosis). In the coming year, we plan to investigate the interaction of arginine 
deprivation with traditional chemotherapy. Our preliminary data in vivo (reference 1, Figure 3, attached 
in Appendix) suggests and interaction between these two therapeutic approaches, though we will further 
characterize in vitro. 


As far as the financial conduct of the research, we are well within the budget without any significant 
deviations noted or anticipated. 
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Arginine Deiminase as a Novel Therapy for Prostate Cancer 
Induces Autophagy and Caspase-Independent Apoptosis 


Randie H. Kim,’ Jodi M. Coates, Tawnya L Bowles,” Gregory P. McNerney, 
julie Sutcliffe,” Jae U. Jung, Regina Gandour-Edwards, Frank ¥.8. Chuang,’ 


Richard J. Bold, and Hsing-Jien Kung’ 
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Ass tract 
Juminine deprivation as an antieancer therapy hos historically 
been moet with limited eeccess. The deve lepoent of pegylated 
a dciminas: (ADI-PEG20) has renewed interst in 
+ deprivation for the terahment of some cancers. The 
cficacy of ADL-PEG20 le divectly correlated with argminoase- 
Chbe ayn theta: (ASS) deficiemey. CW R228 9 1 prostate cancer 
ells do moet express ASS, the rote-imitng enzyme i arginine 
ayvntheds, and are sueceptible to ADL: PRG DO in vii. Intemat 
ingh, apoptows by 14 pe iml. ADLPEGQO occus % hours 
postirentment and is menses independent. The effect of AD 
PEGS) in vivo reveals redeced bomor activity by micropost mn 
eninion bomoegraphy as well as reduced boomer growth a a 
monttherapy and in combinaton with docetaxel agnana 
CWR22 Bs 1 meer cemegrfts. in addition, we show mu bophagy 
is i oeed by en ge amine wekl depletion by ADL PEG20 Here, 
isan carly went that isd etected within | to 4 hours 
of 03 pool, ADP EGR treatoent and is an initial pet ective 
reponee to ADL PRG2 in CWR22 Rr i cells. Significantly, the 
inhibition of actoplagy by chloroquine and Beclin! cRNA 
keeckdown colances and sceelemtes AD -PEG20-indoced 
cell death. PC cells, whieh express recdoeced ASS, abo undergo 
utophagy ond are Mesponsive to autophagy inhibition ana 
ADL PEG20 trentment.in contrast, LNCaP cella bighh express 
ASS ond om therefore resistant to both ADI-PEGQ0 ond 
autophagic inhibition These data point te an interrelation 
chip among ASS deficieory, autophagy, aod cell denth by AD- 
PEGS). Fimally, «a tiene micoorreay of 84 prostate bomor 
amples lacked expreson of ASS, indicating ADL-PEGOSO) is a 
potential oowel therapy for the trentment of prostate comeer. 
[Commer Foes Bator 70-8) 


Introduction 

The initial observations that vanow: tumor orl are moeorpiile 
bo ag@ine deprivation wee made over 40 years ago, although 
epyEnyariate ! tic methods have hindered further develop- 
ment of this approach until necendtiy. Arginine deiminase (ADT), an 
enzymes isolated irom Mrcoplaona (1, 2). degrades arginine into its 
Gitruliine precumeo. In fie mative fonm, it is strongly antigenic with 


equate fer regerio te: Hicegie omg UC Drie Conc Cente, Unie ty of 
Coligomie - Dhreie Medica Cater Keech DL Room ME, 468 Jol dee, 
Toco, (CA LT. Fhom: 916-794-3e Rax 26-74-25; E-ak: biog 
mcdorpie dis oetel| BG | Bel, Unie ty of Coltri - Dorie Medica Conte, 
0 MX Seret, Gece, (CA ST. Poe HB -T- Fe 16-10-25 , Fe elk 
richer bold gee or ha ek 

SM A oeice: Aeece@es for Cane Keech 

each Ohh PAS eS 


Cancer Aes 2005; 65: @). January 15, 2005 Too 


a half-life of & hours (3) Conjugation to 20,000 mw polyethylene 
giyoal (ADTFPEG20) decreases antigenicity as well as dramatically 
increas sen halflife, dlowng weekly admmistraticn that 
reduxs plana arginine to undetectable levels (4, 5) Various 
tumor types: (hepetocdivler cancinomes, melanomas, mesothelio- 
mas, onal ofl] cocinomes, peuoestic een) have been 
shown to lack expression of amgininoapocinaie apithetase (ASS 
refs. 4 G8), a obiquitous enqme involved in the twestep 
eynthesds of arginine from cttnulline (9) Unable to anthesioe their 
amming eck transporters (10) In the setting of ASS deficiency 
ADT-PEGA) depletes intmvockwler arginine by rexlcing extracellular 
levels, available for transmembrane uptake wile unadiecting ols 
with preserved ASS expremion capable af endogenous arginine 
biosyrthesis (11) Predowu in vito shies show the growth of 
from ofl culture mex (12), indicating ADT-PEGS) mey be m 
The antitumor effects of ADL PEGS) elicit 2 G, ofl opel arent 
with eventual apoptosis in a number of tomor cell Eines (15) In 
echt, ADLPERG20 is inhibiting migration gd 
tube formation in HOWE celle (14) and neovesoilaization of 
neohome oon £146) Tiemwewe other rethiler effects nf 
arpnine stervation by ADEP EGS are still wnnown. 
process in which organelles and bok protein are turned over by 
lyse activity. Autophagy serves to provide ATP and other 
macimdiamiies as enengy sours diming metabolic stress (16, 17) 
The most distinctive feature of awtophegy is the fonmetion of 
the autophagaome, a doublemembrane vesicle: that fuss with 
lysosomes for hydrolytic cleavage of engulfed proteims and 
: In moulin clk, micotibouk-asoceated protein 
. Hight chain 3 (LCS) is procemed by lipid conjugetim to 
Meh rare (18). Trumisestion and processing of en eGFP-LC4 
fuion prvtein ane often ueed a markers for autophagic achiity- 
Autophagy hes meoently gained mech attention for tte perada: 
iol moles mm ooel survival and cell death, pertiolly in the 
pathogenesis 2s well os the treatment of camoer (19, 20) Regulation 
of sutophagy is highy complex with Inputs from the oellular 
environment through the phospha tid inositol-3-0H kinase (PISEy 
Akt/mammealian target of rapamycin (mTOR) pathway (21), 
members of fie Bel? Genily (22), pod (23) and death-aseociated 
proteim kines (24) Mot surprisingly there is an intricete 
enables celle to survine of enheoess their death & combext-dirvr, 
depending on the type of stimuli, nvtnient evaiiabilit, organism 


development, and apoptohc status. We hypothesse prostete 
cancer oefls that are ASS defickmt are sensitive to arginine 
deprivation by ADT-PRGA) and conesypeemntly, undergo autophagy 
ms am intial survival respome 

In this study. we show susoeptihality of several prostate canoer 
cell fines to ADL-PEGA) corelsts: with the shemoe of ASS 
exqpremiom Due to the lack of ASS ADI-PEGOO inchuors a lote 
qageec-independent oll death m CWRE2 Ey] in viio. Metebolo 
schwity by micro positron emiaon tomography (micmPET) 
imging of CWR22B rl senageradis in mde mice wes redo by 
ADLPEGSL Tamar growth wes sumificantly hilt by ADT 
PEG20 done a well in combination with dooce. AD-PEGSI 
alan indies auto pyha gy within hows of trestbment Mowever 
inhibition of autophagy prematurely leads to cell death by ADIT 
PEG20. With the swooss of ADI-PRGS) therapy for hepetooel ular 
Gunns and melanomas: and oar findings that prostate canocr 
apecmens lack ASS eqp»~sgion, ADI-PEG3) cm potentaly be 
extended to clinical trials for prustate canorr. Moreover, oombana- 
ton with stamdend chemotherapes or eutophagy-tergetng drugs 
represents muditpromgesd approeches to canoer therapy. 


Materials and methods 


Reagents. Eecombmant ADT fonmulsted with multiple fnew 
20.000 ov polyethylene glycol molecuks (ADI-PRG20) was 
genennely provided by Desqgmelix Phermeceutcals, Inc Speciic 
enyime actwity wes 74 10 /img. Internal calibration of enzyme IC ay 
wae determined wath each hatch 

Cella and cel culture. AQ cel Goes were colboed m EPMI 
1640 [10% fetal beeine serum (FES) IS penicillin, streptomycin 
glutemine|. LNCaP cells were cultured in semume-fres, phenol-fre= 
mein befor: 10 momol!L Se-Dilnebrotestosterame (DET: Sigma) 
treatment for 4,24. and 48 hb PCS cells were transiently transected 
and CWR22R rl] oelk were stab trandiected with eGFP-LCS 
plasmid (JUJ) using Bffectene (Qiagen). 

Reverse transcription PCR and quantitative reverse ran- 
acription-PCR. Total ENA was isolated from cultured oll by 
TEizal (hwitrogen| homogenization and revere tanscobed using 
Maloney murine karkemia virus (Invitrogen), One hundred nana 
aa af cCONA were PCR enplified as described previously (25) 
Prime ASS (F) S-GACGCTATGTCCAGCAAAG-3 ond (BR) 5- 
TTGCTTTGCGTACTOCAT CAG-3; gl yorral dehyde-3-phosphate de- 
hydrogenase (GAPDH: F) 5-ACCACAGTCCATGOCATCAC-3 andl 
(RE) &-TOCACCACCICTGTIGCIGTA3. Total ENA fom primary 
Prustete tees wes fevers: tfansoibed wong Superson 
(ievwitreagen) Ome homdresd nanograms of cDNA were emptied by 
105 eCyckt thermal cycler (Bio-Rad) anal monitored by SYER Green 
(Invitrogen) for real-time POR. Threshokd cycle values were 
nonmalized against actin and anedyesd wang (Morne softare. 
Primers were os fevlkews: ASS (F) §-TGAAAT TIGCTG AGC TG- 
GTG-3 and (BR) S-ATGTACACCTGGCCCTTGAG-3: Actin (F) 
S-TOCTTAATGTICACGCACGATITS and (BE) 5-GAGOGCGGCTA 
CAGCTT3. 

Imm neblothnge. Celular lytes were resolved on SD5-PAGE 
membranes Membranes were incubated vith pomary antibody 
follows by spscissapenific horseradish perowklase secondary 
antbedy bomumoresctive mateial was detected by chemilomi- 
neoenoe (Piero ara Antinaies were as follows: achn 
(Santa Coe Bietechmology), ASS (ED Eioacenoes), composed 
(Ricemoe), GAPDH (Chemicon), tubulin (Sigma), Becln|., phos 


Wie a ac rourials ong 


A0/ in Autophagy and Caspase-independent Apoptosis 


poo-AMP kinase ('Thri?2) phosphemTor (Ser2441 | phospho-S6 
Idrase (Thrt89), phsgho-S6 (Ser 285/236), LC, extracellular signal - 
regulated kinase (ERK 0/2, an) phospho-EBRE 1/2 (Cell Sgmaling ) 

4-(4,5-Dimethylthiaze!-2-y1)-2,5-diphenyltetrazel ium 
bromkle cyboebowcicity assay. RWPE-1, LSCaP PCS and CWE! 
Oele were seeded im Sewell plates and treated vath seal dihehons 
af ADT-PRGS). Auber 6 d. thiaxah] blue tebraxoliam bromide (MTT: 
aime) was aided fora time concentration of 1.5 mg sm. PCS onlls 
were treated for 3d im 2X FES. Fonmecan orystal: were sohvbilized 
by 10% SDS. The: [Cra is the dig ooneentration at which 50% of oll 
grcawth is aha be tec 

Pluaorescenoeactivated cell sorting analWas for sub-G, DAA 
fragmentation. CWT22Rr1 ofl were tested with 04 pe/mL 
ADI-PEG@0, 100 mmol/L paclitae! (Sigma) or pretreated with 
50 pmol! L. 2 VAD-imk (MEL Intemational) Cells were analyzed by 
Qow cytometry as desonbed previously (5 

Active cospase-3 ELBA. CWE22E 1] oll were seeded m 6-well 
Plates ancl treated with 100 nmel/L paclitaxe! or 04 pgiml ADT 
PESO for 34 th Treatment groups were compersd with ok 
pretreated wath 50 gumal/L 2-VAD-imk for 2h before essaeying for 
activated capesc-3 by ELSA (R&D Swtems) 

AticroP ET imaging. Nuke mice with CWE Er] ac menogtaits 
were injected vie tal vein with 130 mG of “F-FDG and imaged by 
PET os desorieedd previously (36) before ancl after 5 TU ADL-PEGOO 
treatment of 4 of 2 ho Stendard upteke values: (SUV) were 
computed by daviding the achvity comoentraton m each vowel by 
th: injected daac and muliphing by aumel weight Absolute 
uptake values of postireatment images were normalized to 
Tetesiment mages before anal. 

Xenograft efficacy studies. For tumorigenssin 1 = 
CWRSE el cele were injected sa. nto the bilateral flanks of male 
athymic BALB/c moor (Harlan Sprague-Dawley Inc) Mice reosived 
weekly O5 ml ip. inections of stele PES (x = 4) 10 mek 
docetane (in =f), 5 1 (235 prim) AD-PEGO (nm = 4), or both 
lOmgiky dooctaced and 61 AD-PEG20 (1 ml. total volume: a = 4) 
Tumor dimensions were measured tudo: weekly. Tomar valumes 
were cakoulated iy F = 05236 (— x WML L = length, Wo = wlth 

Froorescence microscopy for LIS. CWI and PCS onlls 
menapresaing 8GPP-LCS were sesded on poh-lyame-ocoated 
omer“ips Cells: were treated wath 0.3 pg/ml. ADLPEG20 for 4 or 
Mohoo 2 pmol/L mpemyeon for fh Cells were fixed, mounted 
ining ShawFade with ¢ é-diamidine-2-phenylindole (DAPI: Invitro- 
gen, and exams uder a * 60 bens on an Ohmpe BX! 
iooliteton, 350 mm: emission, £60 mm) for DAPT and FITC filter 
(Eiteton, 480 mm emissiem, S35 mm) for ef PP-LCS using 
Slide Rooke) software (ited gent imaging Inmovaticnes | 

Por ive oell gmaging, CWE vl cel qverexpreseing eGFP-LO 
were plated om 35 mm #1) glass bottom dishes (Wilko Wells) 
treated with 09 pelml ADFPERG20 and imaged with an DCT! 
nverted micnmeoope with a * 100 10 Na al objective (Ohmpas | 
and ASI 400 air stream incubmtor (NEVTEE) set to 37°C. mages 
Were acted using a spanning disc system_ 

Inhibition of autophagy. CW E22 Er) oells were trested with 
25 pommel! chlorine (Sigma), 01 pei, ADLPEG 20, or both for 
2 4, 72 and 96 bh LNCaP oells were treated @ above exoept 
with 03 peaimL ADLPEGA). Cele were analveed by flvoresosnoe- 
activated oll serting (FACS) analysis as describes! previously. 

CWE Er] offs were seeded in 6-well plats: then tremsienily 
tramdected with 100 prio] «GPP sia (Ambion) or Recin| sENA 
ON-TARGET Plus SMLARTpoo! (Dharmacon) wang DhanmaFECT 
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reagent (Dharmacon? Cells were treated with 04 pg/mL 
ADLPEG20 for 3 or 44 hb the following day and anahwed by FACS 
anahas a desonbed preside. 

PCS offs were treated with 14 peiml ADL-PEGS), 4 pgm. 
ADL-PERG20, | mumol!L 3-methyladenine (3-MA: Sigma), or beth far 
2, 4A, andl 72 bh and amaleed by MTT = descr hexd Pewee y. 

AS5 Immun chishechemiebry. Poomaedne feed, peradin-ramiedk 
andhival mustenal from 33 provtate bum and 49 nommal prostate 
gps: were ohtainsd Tumors represent a rang: of Gleason 
grades (3+3 =6 te 4+5 = 9) H&E-stained sections were made fom 
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Figure ?. Progiaie cancer coll lines proiledfor ASS expmasion and ADP SS 20 
aemliviy AWPE1, UNiCe?, PCS and CWRESR 1] wer conmined fo ASS. 
mA by OTR tl) amd ASS protein by imumunobioging | B.C, immunoblot 
for 10 moll GHT Gime course of LNCaP againei 255. 0: onli ines wor 
ined by ALORPECEO @ O00 004 008 0.15, 08. 08 12 ad 24 pom 
for 3 (PCS) of 6 od befor MTT assay. Ponies, rear, ham, 50. 
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each block to define representa fom regions, and 2 tomer 
mimoertay (TMA) we constructs. TMA parafin hocks were 
eechoned et 4 pum ane) tramedenrex| to glee sides. boomunohisto- 
chemistry was performed using o-ASS minockinal maine auvbibely 
(Desgmelx Pheomacologess| at 22 pieiml. Nonmal liner was 
Wed a 6 petive omiral. Omission of pomary antibexdy was used 
oe nmegetves omtral. Sections were counteosieined with Gils 
hbematoucyin and Gwe Slides were Independently examined by a 
board! certified anatomic pethokagst (EGE) thoce end scored by 
poorniage of cell steamed 


Results 


Senativity te ADLPEGQ0 correlates with ASS expression. 
ASS equa in three commonly adiued postete carncnoma 
ol] fines (LNCaP PCS, CWH22Re 1) wee evaluated for mENA and 
protem bevel, LWCaP is androgen dependent, wheres PCS anal 
CWR22Rr 1 are anchogen independent. The normal momertaleed 
ofl ine EWPE-] was used te evaluate ASS equemica m 
monoanosnous prostate celle Al cell mes eepreeed ASS mENA 
detammed by revere transonption-PCE (ET-PCE) exept 
CWHR2ERr ) (Pig. L4) Quantitative real-time PCE of ASS mENA im 
the prostate canoer cell Gnes revealed that, relative to CWER22E v1, 
LNCaP wun PCS expressed ASS transogpt 67 amd 14 tomes gewber, 
rapacively. Western blot anal showed CWR2irl did mot 
eqotess ASS prvtbem: m omtrat. PCS eqprseed moderate levels, 
wheres LNCaP and EWPE-1 eqoressed high levels of ASS (Fig La} 
Disparity betwern ASS mENA anal pootemn ievel is potentially 
sttrributed to nmomproductwe, altematively sphoed transcripts or 
pseudogenes” The relationship between amirgen state ane 
ARS eqpre sion was hurther eceminesd by trestmg LCP cells with 
10 mal. DET (Pi LC) revealing androgens do not regulate 
ASS squeal 

To evaluate the effect of ADT-PEG20 on prostate cercmome, the 
Previgualy desoobed oll lines were treated with ADI-PEGA) over 
a broad dos: range aml asaawed for cytotoxicty with MTT. 
CWR3Er 1] wes the most sensitwe bo ADT-PEGS) with a IC, of 
O35 perm. PCS was moderately senaitve to ADLPERGSL whereas 
LNCaP aul EWPE-1] were not response to ADLEPEG20 (Fig. LOL 
Taken together, these clata confinm that ASS protein bevels inversely 
comelate with arnaitnity te ADL-PEGA CWR2Rr 1] wes muhee- 
quently chosen as the model oell line for frboe experiments. 

ADL-PEGAO induces caspase-independent apoptosis in 
CWR22iv1 in wire. To study whether the reduced viability of 
CW 2Er ] upon ADL-PE GS) tresttiment is di to oll growth arrest, 
apopies, or both, we subgectec! treated and omtrested cells to 
FACS analaas. The sub-i, DONA content wes weed a an indoetor 
af apoptosis: Induoed by ADT-PRGa CWR2Er 1 cells were treated 
with 03 pgm ADL PEG 20 for 4, 24, 8 72, and 96 how. Apophosds 
was nat indwosd until 4 days posttreatment, when ~ 30% of oells 
had unlergome apoptosis (Fig 2.4) Although DNA fragmentetion is 
considensd the defining endl point in apoptosis, caspase cleavage 
Bo an easly marker for chase apeptogds Interestingly, cleavage of 
mapas 4 inte tte activated 17 ke fragment wes undetected after 
AD-PEGSO (Fig. 27). 
= VADdIm_ « pencespeas: mhibtor. Caspase inhibbon we com 
fined with capase-3 EUSA (Fig. 20) 2 VAD-fmk bed to 2 SOS 
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Treduchon af actwated oppased keveR m cel treated vath 
pecdlitzor] «a standard chemotherapy for advenord anol metesiatic 
Prostet: como. However, ADLPEG20 dad not sgnaticantly alter 
active casper 3 level. ARbough 2VAD-imk sttenusted apoptosis 
In cells teated with pecitaz! by —S08, ft did not affemt the 
fraction of apoptotic oells after ADIL-PEGOO (Fig. 20) These dave 
wugeest that ofl death mediated by ADI-PEGS) independent of 
ape mediated pathways. 

ADL-PEG20 decrease global bono metabolic activity. The 
immetate effect of ADT-PRGI in feo was ecomined using PET- 
lobe! tumor meteboalion of gloom: consumption was monitored 
by “F-florxiencyglocee ('EFOMG) in CWRE2Re 1] mouse xen 
grate MicoPET scans were performed before and after ADT 
PRG20 treatment of 4 or 24 hours. “F-FDG uptake in CWR22Ev1 
tumorm Gorows) did mot change after 4 hown of treatment. In 


WA ec outils org 


contrast, ‘"F-FDG upteke wes decresid after 24 hours of ADI- 
PEGS Tumor SUV decreed 30% after treatment (000086 versus 
T0006 |. indiovting relic methobo actity (Fig. 441 
ADT-PRG2? retard CWER222Rv 1 tumor growth in pro amd 
energies wih fannie. To detemine the bong tem aeos of 
ADL-PRGS) in wea, mame athymic mice with sc CWE 
neta were injected ip. wath omtral PES of 46 DW ADI-PEGSO 
weekly, Tumor from ADL-P EGS) mice were significantly smaller 
than tumen from contral mice (157.4 mm" vermes 110899 mm") 
at 13 dews after initiation of trestment when control mice were 
eithan@asd The effects: of ADT-PRG20 wer compared with the 
cent standard of care for hormone refractory prostate cemoer 
fatients, docetaxel alone (277) and dooeteare] m combination 
Docettewel mice (10 mehe) bed fomom that were amalkt bot 
mt siateticely sgoficent from contol mice. However, the 
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oOmbination of ADT-PRGA0 ened doostaxel had o synesgustic effect 
an timer growth inhibition Tuwmom from ADLPEGS) mice 
rested an average of 10 mon! at the end of the study wheres 
tumam from AD-PRG20/decetare -treated mice were — TSR 
emailer (Fig. 38 

AD-PER2Q? nduces autophagy in prostate cancer cella 
Argmine degradation by ADI-PEGS0 causes metabolic stress: to 
aunt phic ool. Navbtent starvation such as complete: amie acl 
deprivahen is a keewn incheoer of autophagy (28) To detenmine 
whether ange ammo scel depivaton & sulficient to tiger 
gutaphag: CWRESRr] ob stebly expressing eGPPLOS were 
examine! omier fleomscenoe micnaecopy Under normal ocondi- 
homes, LOST a umafonmly dastobwted theoeugheat the necks and 
cviqwMan. Dunne avtophagy, LCS-1 & processed mto LCT ol 
tfansloostes Into autophaseome membranes, appesring as bright 
mumeine 29) LCS-T lomieabon wee eeen in food CWE Er 1] cel 
attr 4 ond 34 hows of 03 pe’mL ADI-PEGS) treatment 
Fapemyon, an Inhibitor of mTOR, was used a a positive contr 
(ig. 44, fp Live off imaging of CWE22Er 1 ofl revealed! raped 
and mtense autophagosome formation after only 9) minutes of 
ADLPERGIO (Ag 44 foftom) Reapeycin or ADI-PEGSO signafi- 
cantly Increased the number af cel undergoing autophagy to LoS 
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Ag“ure 3. ADLPEGSD io an effective: 
NCS wen imaged by PET wing “FFAS befor and afer imaiment with 
5 AC PEG 20 for 4 on 24. 2 mice with CWIRISSR menos were 
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(Fie 4.4) The LC3-0 fragment eppesred = cor = 30 mites of 
ADTL-PERGS) and pemisted after 24 hows of apmine deprivation 
Tnorease in tote autophagic fhoxe wee oomiomed wrth chlorogqeine 
(30) an sutophagy imhibitor that dismupin beosome!l fimcticn 
(Fie 48) and prevents completion of autophagy resulting m 2 
socumulation af LCS-DL In addition, potential off-tearget effects: of 
chdorquame dad not bead to cepa cle ae 

Molecule pathways sconmpanying the medachon of autoplay 
were al investigated A major nuinentaensing patheay involves 
AMPK TS.C/m TOR/S6K. Dummg nutrient starvation, ATP level 
deceasss ged AMP bewel ooreass, rsultme m sctnaton el 
Phosphoryleton of AMPE. ADLPECA) immediately increased 
plphoeAMPE levels (Fig 47). This showkd lead to imectivation 
and deceassd pluephorylahon of mTOR kinase through the 
nmubiton of TSC complex by AMPE-indhword phosphorylation 
Decreased phosphorylation of mTOR was evxlent soon after ADT- 
PERG20 trestment (Fig 20) A downstream mTOR effector, 56K 
was Deactivated at 2 later stage (+20 hours) as shown by tte own 
decmsased phosphoryletion ancl the decreased phosphorylation of 
ts substrate 56. Transient imoewse of SK activity was oheerved at 
eaiy ADL-PEGA) time pomts. The exect mecheniem df this 
Phenomenon is undear but & Gkely dove to feedback of ths kines 
as reports by othem (31). AMPK activation and mTOR down 
mihietion ae compatible wath ther rales of major sutopheey 
Tesidetom. We ako surveyed other kmese pothweys relevent to 
eutophary. REE /2 phosphorylation wes evident vatinn 30 minutes 
of ADT-PRGS) treatment which inonezsed in 3 trmedependent 
mame (Pig 40) ERE)? actweton has been shown preaoush to 
contribute toe autophagy incooexd! prosurvivel fiction (32) 

Autophagy delays an protects against ADT-PEG20—imdher el 
ofl death The peredoweal relahunship between autophagy anol 
apis necessitates determination of the causal nature between 
these tvo0 fimdamenta! ological processes after aopmine deprive: 
fom Temporal: sutophagy precedes apoptosis; thas, mhibitiam of 
autophaey muy muxhulete the onset of apoptosis 

Chemica muibthon of autophagy with chhrepume sooel crated 
and enhanosd! ADI-PEGS)-indwoed oll death m OWE Er! 
(Fie 54) By 4 bhoum, 27% of ADL-PEGS + chhompone cell were 
aeuptohc compared with 17S amd && of cells undergoing 
apo pious by chlonnqune alone and ADLPERGA0 alone, respectively. 
Cilonxggume further moreased ADL-PEGS-induned oell death to 
60% after 72 hours By 9) hous, the effect of chlocoqine was 
abrogated, pessibly due to it metsbolsm. Solely, EA 
knockdown of Becln), eeenitial for sutophagosome nucleation 
(21). ao increased the rate of cell death after ADLPEGH 
treatment (Fig. S83) Almost 60% of oll lod undergone apoptosis 
i Becin] was knocks! down before {3 hoore af ADI-PRGSL 
wheres ADI-PERGSA) alone only bed to apoptoss m 30% of ocls_ In 
ountest, ADLPEGS), chloroquine, and the combnestion of ADT- 
PRG20 and chlonnpone hed mo effect on apoptosn at all tome 
points im the ASS eapressng LNCaP oclls (Rig. 40’) To complete the 
charmctrration of the relationship of ASS exeemic al 
aenvity to ADI-PEGA) we exammed oflulas msponse: m 
PCA o« cell lime woth low ASS levels. Higher doses of ADL-PEGSO 
(Suen) were cexpuired to eovest oell growth completely compeoexd 
with CWR22Rr 1, althowh lower doses (a3 ue) odancedd 
autopiey (Pig. 5.9) Inhihatimg sutephagy wath 3-MA ogresily 
retioed oe ll viabaity following treat ment with bow dose ADT-PEGSO 
(Fm SD) Therefore, ASS poetein iewel comelats: with cellar 
resqomnee to ADT-PRGA0, ucducdaing the early Induction of avtopheey 
bedore the lete onset of aqeayetosis. 
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AS5 expression mn pmstale caneer Gesu. The shove rents 
Higest gmne depmvaton by ADT-PEGS) may offer a new 
treatment sivategy for prostate cmos m which ASS eqersam 
is dow. A key question thet iollows i whether the abeenoe of ASS 
Seen & peeralizeble among diverse haoman provteie canoer 
apeamens We theneiore ecemined ASS eqpresgon by oom hia 
tochernistry in our prostate tesve miooerray. Of the 45 bomen 
Prostate bomom, mone showed any detectable ASS steaming Strong 
cytoplasmic ASS stomng was oheerved, indioeted by clised aruws, 
in the hominal cells of berg prostate: glemds (Pig. 44) enc! monmal 
Prustiate timue (Fm 68 27) However, no ASS reactvity was 
detected in proviate comer glands (Fag. 64, open ocnows) oF tee 
(Fig 68. neat) Among 59 sampies of mommael prostate tea, 27H 
equneed ASS to some degree Of the 16 samples shoving ASS 
eqpression, 2 wene found bo heave ASS in +79 of the ocd, wheness 
the remammmg ft showed eqg@ceson m <9 of the clk In 
ekhiton, ASS mENA eqprssjon wee evaluate! in sm primary 
Prostate tumor tissues and two prmary bengn prostate 
hyperplasia tides. ASS mENA was almost sheent m specimen 


108 and) ndduoed im all other samples (Fig. 6C) The differential 
ene of ASS is im ominast to bepebocyies, which heavily 
dened on ASS furechon for the ores oye, and uniformly stained 
for cytoplanmic ASS protein (Ag 40) 


Discussion 

In this report, we showed ADT-PEGS) can effectively indie cell 
death m prosiate cemoer ord with low of sheet ASS eqpremon 
i ako senaitiees: celk to treetment with doostere on socepted 
chemotherapy m prostate canoer, or chlonpine, a mtorr of 
eutuphagy. These reais are Gkely to be genevally applicable to 
other penaiaite ceanod ofl beer virtue all prostate coor 
amen eur m this msport as well os that by Oak andl 
oliesgues (12) eqpressed undetectable levels of ASS. By depletan 
a ammo, ADLPEGS) oes metabolic stres on moootrophic 
clk, complimenting conventional thea: lege bed on 
getoic ainss Altheneh appine depnvation therapy based an 
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hee LOO0-oek! greater affinety for arginine (35) wath fewer ace 
eect. Qur work described loere thus offers a mew toestment 
ophem fier prostate canoer. in adkdhbon, we umeover novel onder 
rns of ane depleton, iechuding autophagy endl capes 

The delayed oneet of apoptems suggests the peesbaiy of 
OO peaton mechan alter argmine deplehon Herm we 
present evidernoe forthe fmt hme teat sing eine ack stervaton 
thovagh angmine degradation by ADT PRG20 is sufficient te tigger 
autuphagy m jrostate canoer ofl. LCS temslocation and cleavage 
aoour within hows of ADT-PEGA? treatment, indicating that 
autophagy is an cory resqeense AMPE senees cellular AMP/ ATP 
Tati, and im ite phosphorylated don, signals the lack of mirients 
in the environment to the mTOR comples via TSS (34) Inhibition 
af mT OF leads to sppressdon of S6E actnaity. Consistent with our 
findings, Feu anal oollesgues (35) have reported the effects of 
ADT-PEG26 on mT OE sgneling, which iechede dephosphorviation 
a mTOR downstream effsctom 36K and 4E-BP ancl increases 
Puosphoryato af AMPE m ASS-megative melanoma cell ims. 
Ths chain of ewmits bes been shown to promote aetophaegy G4) 
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There are varkne sygnabng casomdes thet remidate mTOR Sak 
including the PESE (cles [Akt pethway: mhibition of which hes 
been shown to indwoe autophagy in malignant ghomes (53 37) 
Although we did mot specifically examine the activation of the POE 
(class I)/Akt pate: ADLPEGS) mhibited mTOR events aoc: 
abe with o rapid activation of AMPK, suggesting this mechandam 
in aegmine deprvationindueed sutophagy. Furthermore, we 
Hmerved ADT-PEGSimhooesd ERE? activation, which hes been 
shown to regulate autophagy under 2 variety of stimuli (32, 33). 
What is the hiokgical fonction of ADT-PRG20 induced autogh- 
egy? Autophagy can be promarvival or prodeath, depending on 
Odlidar context and duratom of tresttment To shely whether 
ADT-PEGS) induced autophagy contibtes to of attenuates cell 
diesth, we chase to bbock ADT-PERGS) indhuoed mrtophagy with the 
nhihiter chloroqume which inhibits let stege mitophagy by 
@lkelooang heosames andl diamppiing the autophagolpascme (39) 
Bequse chloroquine iteelf mey have functions other than 
mactvatng heoomes (40). we alan used ENA terpetine 
eeemntial comment of autophagy Bechinl, a component of the 
Clos Tl PS lignes compler thet nuokstes sutopheagosomes (P91 
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er Bedin) kawekdewn scoderstess end enhanos oll death after 
ADL-PEGS), strongly suggesting ADI-PEG20)-indues! avtophagy 
trigge: 2 protective response during early stages of tbrestmemt At 
prevent, we cannot mde ot that prolonged ADL PEG20 treatment 
(>96 hours) may trigger autophagic ocll death (programmed oell 
death tye I) which is ually ceapase-independent. In owr study 
we found chiorprine itelf had litte effect on the cell killing of 
CWR22Erl, unless ADFPEGR) i preset and ovtophagy is 
indwe In eddition, combministraticn of chloroquine with ADT 
PEG20 did not activate mapese-3. This again suggests that the 
mager eiect of claraquine is te bheck autophagy, enhancing the 
umuderying mechanism of capas-independent apaptosa Comsis- 
tent wath the remit FCS cel woth reduced ASS levels abo 
wnecbesry ert afer ADT-PRGQ) treatment. The inhibition 
af mutephagy with 3-MA significantly nexhuoced oll profiferation im 
the presence of ADL-PRGCS). Both chlerneprine and AD-PRGR) hove 
ne effect on LWCaP onl, which expres ASS. Interestingly ASS- 
posiive hepstocwdlhla carcnomeas resistant to ADI-PEGH 
responded to agamme deprivation by pegylated recombinant 
erpmass (61), providing 2 potential altemative to ADI-PEG2- 
rete hms: anal cell fies euch as LA CaP. 

ingly. cancer therapies have been reports! to have opposing 
effects on cell desth Photalynamic therapy promotes autophagic 
oll desth in speptosis-deficient cancer offs (2) wheress 
miforaphane-indocsed autophagy in PCS and LNCaP is protective 
(43) Forthenmore, manipulation of autophagy can sensdtioe tomer 
call te subexpient treatments. Indaectiom of autophagy by an 
mTGE inhibitor noreass| prostate cancer cell meorptihility to 
inaddation (4) Conversely chlorogqgine is o highly promising 
anvtnpegy Robe tee: fie clini tape. Mi thems ie ecxteneivedy need 
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inhihitien hy chloroquine enhanced the shility of alkylating agents 
to suppress tumer growth (5) This underscores the importance 
midulete: the effect of chemetherapies scree a wide variety of 
Canes. 

The ateenor: of ASS as a bomarker for ADL-PEG) efficacy hos 
pevioualy been established in hepatoma and melanama cell ines. 
Phase VO dinical tak vath ADI-PEGS) bed to 2 fH response 
rate im pettients with unresectable hepatocellular carcmomes ama 
a 25% nsponse mate in metastatic melee patients (4, 47) In 
this study, we shew ADL-PEG20 can be effective against prostate 
feemine ASS expatica be: detionidrest bey ieucaaprapbkctochesce.: 
istry and potentially be weed a a clinical indicator for ADI-PEG 
wee, The aheenoe of ASS protein in all examined prostate bemor 
amples males ADLPRES) o promising therapeutic avenue to 
follow. The combination of ADI-PRG?0, which Inher copa 
independent apoptosis, and texanes, which oe cospesedepen: 
dent. is mor effective than monotherapy. This oomeept of 
aye ho inberecbon behwesn canoer therapies is an active area 
a research In particule, combining therapies that target different 
mecheniames of cell death may inceae efficacy beyond either 
agent ale. Furthermore, the incresse of advances) imaging for 
tmor wissssment end staging mey allow clinical monitoring of 
tmar nmsponvencss: to ADT-PRGR) by PET. Finely, a _mine 
deprivation by ADI-PRGA0 inchoes autephagy as 8 peubectrs 
am chlomquine can potentially enhance of death in prostate 
tumor. The mizicate link betwen autophagy aa) apoptosis 
Points to autophagy os acklitional target for anticancer 
trestiment: Thus, ADT-PEG20 i 6 mewel prostate canoe therapy 
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